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© Method and apparatus for making electrode material from high hardness active materials. 



® A method and apparatus for making electrode 
material from high hardness active electrode alloy 
^powder involve feeding the powder onto a carrier 
^web (12), aligning a mesh or screen substrate (50) 
^with the carrier web, and compacting the powder 
Wand mesh in a series of roller presses (60, 70). The 
^earner (12) is removed after it has passed through 
ir>the first roller press, and the remaining green elec- 
Jjtrode web Is passed through the second roller press 
and in:o a sintering furnace (90). After sintering and 
Ocooling. the weo is calendered (116.118). and then is 
wound on a take-up reel (120). The furnace provides 
LUa substantially water and oxygen-free argon-hydro- 
gen atmosphere for sintering which discourages web 
oxidation at the elevated sintering temperature. A 



loss-in-weight feeder (30) can be used to deposit 
accurately the desired amount of active material on 
the carrier web. 



Xerox Copy Centre 



0 245 932 



FIG. / 




la 



1 



0 245 932 



2 



METHOD AND APPARATUS FOR MAKING ELECTRODE MATERIAL PROM HIGH HARDNESS ACTIVE 

MATERIALS 



This invention relates generaiiy to the produc- 
tion of sheets of electrode maierial for batteries, 
and more particularly, concerns a method and ap- 
paratus for continually producing an elongated neg- 
ative electrode sheet or web. 

Secondary batteries, also known as recnargea- 
ble batteries, are finding increasing commercial 
favor in a variety of applications. Some of these 
batteries comprise a negative electrode -A-hich is 
capable of roversibly electrochemically storing hy- 
drogen. The negative electrode contains an active 
material which may be a metal alloy comprised of 
titanium, nickel and usually other materials. Other 
metallic alloys can also be used as the active 
material. Suitable alloys are disclosed in U.S. Pat- 
ent No. 4,551 .400. for example. 

The production of these negative electrodes is 
sometimes difficult because many hydrogen stor- 
ace active materials are not very ductile, and they 
a^e of relatively great or high hardness, indeea, 
these alloys can have a Rockwell "C" (Rc) hard- 
ness of 45 to 60 or more. Usually the alloy ts 
formed from a melt, and the resulting alloy material 
must then be crushed or otherwise worked before 
the material is fabricated into an electrode. The 
alloys are usually utilized in powdered from in the 
manufacture of the electrode. These powder takes 
the form of small ash or flake-like particles which 
after suitable treatement will pass through a 200 
U S mesh screen, and thus are smaller than 38 
microns in size (200 U.S. mesh screen has inter- 
stices of about 75 microns). 

Various methods of manufacturing electrode 
strip have been previously offered, but these meth- 
ods and their associated equipment cannot be 
used with the high hardness, flake or ash-like ac- 
tive powdered material involved here. For example, 
a system for making battering plates Is suggested 
in U.S. patents 3,894,886 and 3.951,688. but that 
system involves using an electrochemically active 
thixotropic paste. . 

Another method of making electrode stnp in- 
volves feeding a free-flowing silver powder to a 
moving paper web. Vibrating doctor blades spread 
the powder on the carrier to a pre-determined 
thickness. A silver grid structure or mesh is intro- 
duced to the powder and carrier. A single rolling 
mill compresses the grid and powder on the car- 
rier, and then the earner is withdrawn. The remain- 
ing web is th n sintered. Aft r tne sinter d silv r 
strip leaves the sintering furnace, it is cut into stnps 
for use in silver-zinc battery cells. 



This system cannot oe used with the high 
hardness active powdered material involved here, 
because the present powder does not act in the 
same way as the silver powder and mesh in the 
5 silver electrode production line and production 
equipment. When the high hardness powder used 
here is comoressed on a paper carrier, the powder 
panicles stick to or become embedded in the pa- 
per. Web tearing or other web damage can result. 
10 In addition, the present invention contemplates de- 
positing a relatively thin layer of flake-like particles 
on a smooth, hard earner. It has been found that 
doctor blades are ill-suited to provide a precisely 
controlled thickness or depth of powder, because 
T5 the powder flakes or ash-like particles tend to com- 
mingle and build up in front of the blades. A 
powder layer of irregular thickness and density and 
occasionally inadequate depth results. Uniformity of 
powder depth and amount of active material per 
20 unit area is necessary to provide a uniform elec- 
trode strip. A uniform strip thickness is essential for 
battery electrodes if finished battery design capac- 
ity and performance are to be achieved. 

Accordingly, a need exists for a production 
25 method and production apparatus capable of mak- 
ing elecfrode strip from a very hard flake-like pow- 
der feed stock material. More specifically, a need 
exists for a method and apparatus to form negative 
electrode strip material from powdered alloy ma- 
30 terials having a Rockwell "C" hardness (Rc) of 45 
to 60 or more. As used here, the term "high 
hardness- will be understood to refer to a Rockw II 
-C" hardness of 45 to 60 or more. 



35 



Summary of The Invention 



This invention provides a method and appara- 
tus for maxing electrode material from high hard- 
40 ness active electrode alloy powder that may be 
flake-like or ash-like and inregularly shaped. 

Generally, the method includes the steps of 
feeding the hard-hardness powder onto a hard, 
strong carrier web. which can be polyester, from a 
45 suitable feeder, which can be a loss-in-weight feed- 
er. A mesh or screen electrode substrate is aligned 
with the carrier web. and the powder and mesh is 
compacted by a suitable device, which can be a 
series of at least two rolling mills. The carrier web 
50 is removed, and the remaining self-supporting elec- 
trode web can be passed into a sintering furnace. 
The sintenng fumace provides a substantially water 
and oxygen-free argon-hydrogen atmosphere for 
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sintering vvhich discourages web oxidization at the 
^J^rl ^,J"t«""9 temperature. After sintering and 
caol..^, the web can be calendared and then is 
wound on a take-up reel. 

In accordance with one aspect of the present 
mven^on the method of making an electroo^^^m 
h^gh hardness active powdered material includes 

Sh„ °L ^'"^ * '"^^"^'^ °f ^ high 

nardness achve powdered material onto a carrfer 

leeding the earner web. substrate and powdered 
mater.a, to at least two roller mills in s^es lS 
compacting the powdered material and substrate 
trough at least two roller mill compactions S 

!Ih 1 removing the carrier 

web from the electrode web. 

In accordance with another aspect of the 

r« u''^'*"^^ powdered active material is 

p™v.ded that includes the steps of feeding po^! 
dtered active material onto a earner web wS, a 
oss-,n-weight feed device, aligning substrate with 

web and powdered material to a compactng de- 
.r;h?? "If^ "^^Z '^^'"Pact- 

device whereby a setf-suppoiting electrode web 
comprising the active material ind sSlte t 
STo S"' 3tren^?S,o: 

nrJ2J^^ ^" ^""^er aspect of the 
p^sent .nvention. an apparatus for maklSgan elS 
frode from h.gh hardness powdered active material 
vicSr fL"^^ « feed^g di 

rSrSr ^"-'^^ material onw 

t^.'^'f^^ P^°^'*"9 ^ ^"bstrate to 

JerieT fa?^.^ ^""^^ comprising two roller mills In 
series for successively compacting the powdered 
^ve rnateria. onto and into the substra^tf 

arter compaction by the first roller mill. The feedina 
device .s preferably a loss-in-weight feeder. Smic- 
nire for reniovng the carrier web from the elS- 
Se Tse; tie first roller milUo 

^ ^'^'^^ ^^'^ provided. 

T^e apparatus can further include a sintering fur- 
nace for sintering the compacted powdered ma- 
tenal and substrate. H«waerea ma- 

tion another aspect of the inven- 

ted tL""'TT ^ ^'^trode is pro- 

v^ed ti^at includes a loss-in-w ight feeding device 
for feeding high hardness activ el ctrode mJeTal 

on o th! '^'^^ « ^"bstrate 

T^TV^^' "'^'^ "^^""9 the powder, a corn! 
pacttng device for compacting the powder -nw^!!!. 



f^^L H "^^^ ^ ®'e«rode web is 

fomied having at least sufficient strength to be self- 
suppomng and structure for removing the^r 
5 ZTJ ,. !i"^l self-supporting electee we^- 
5 .ng at least sufficient strength to allow sintering, 
tion '"^^'^"^''^ ^»h another aspect of the Inven- 

Sl^^nfr ^'^^ '"ateri^- such as a 

w ^ K °' '"'^'"''^s an elongated 

w earner web having a tensile strength of at iS 
^ut laOOO psi and Rockwell Me«2S A h^dn^ 
^ of at least about 90. structure for feeding high 
haziness powdered active material onto the cJer 
web « pre-selected rate, structure for providino 

matenal on the earner with the substrate to pro- 
duce an electrode web composed of me acS^ 
material and the substrate, the eiectrodeTebT^! 

^d I T ^° self-sup^X 

and to altow sintering. The apparatus fuiW S 

^^0?:^!°^ ^"^""^ *^ carrier wT^om 
*sV^^rJ7 : '° compacting device and 
25 nil, °' advancing the substrate in align- 

S^o.^ r""' *° compacting d^ 
SfelSS:^ '^"^^"^ ^^^^ from 
wl ^ provided. The electrode 

wet^ay then be sintered In a suitable sinte^ 

30 



Brief Description of The Drawinc^ s 



Rgure 1 is a schematic illustration of an 
™9«";ent of equipment for producing fte il^ 
trode material In a continuous strip form; and 

oartof^^"'^ ^ ^ developed elevational view of 
part of the equipment shown in Rgure 1 

Turning first to Rgure 1. there is shown In - 

^J^e powder material of the type des^be^ 

<5 Is^Jl^r^ powdered material through at 
« least the first portion of the production process a 
removable carrier web Is provided. GeneS «.e 
STJIT n '^"^'^ and can be a suU^e 

SSTn!"' P°'yester. nylon 

acetete polyme.'s including cellulose acetate and 

steel and alloys thereof. Carriers made of such 
polymers and metals have essentially no ^rositv 
in Which particles could embed. unliL pa^r fo^ 
example. This is one of the reasons paper^not 
55 be used. Preferably. ti,e carrier web IsTil^JS 
plastic film material. One especially suitat5e film is 
Mylar polyester film, from E.I. DuPont de Nemou;s 
and Company of Silmington. Delaware. Preferably. 
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the film material is less than 20 miis Ihlck. and 
most preferably it is 5 mils thick. The carrier weo 
has a smooth surface and it has a hardness and 
porosity sufficient to resist panicle embedding ao- 
herence during particle and carrier compression in 
a rolling mill. 

Generally, a hardness of more than about Ra- 
(Rockwell Method A) 90 is sufficient and preferably 
the hardness is about Ra H5 or more. The carrier 
web should also have a tensile strength sufficient 
to resist stretching during its use. Generally, a 
tensile strength of about 10,000 psi or more is 
sufficient and preferably fi!m having a tensile 
strength of about 45.000 psi is used. Alternatively, 
this carrier web can take the form of a polyester 
film for contact with the active materia! and kraft 
paper laminate. It is contemplated that, in one 
embodiment, the carried web will move through the 
manufacturing line at a constant speed of about 2.5 
feet per minute. 

In the production line illustrated in Fig. 1. a 
earner web 12 is lead from a feed roll 14 past an 
idler roller 16 and through a tensioning roller 18. 
Carrier web 12 liien passes uvci a cuivcci final 
positioning shoe 20 so as to travel closely under- 
neath an inclined delivery slide 22 and conveyor 
pan 23. A powder loading region 24 of web 12 is 
located downstream at conveyor pan 23. 

The active negative electrode material, in its 
original dry feed stock powdered form, generally 
together with a suitable type and amount of binder 
material, such as up to about 7 weight % of pow- 
dered nickel, is dispensed from a loss-in-weight 
feeder device 30. The binder material can aid in 
the sintering process to achieve the desired me- 
chanical integrity. The binder does not aid in the 
compaction process to achieve green strength as 
do organic thixotropic additives or adhesives. Wa- 
t r and slurry mixes are not used because unac- 
ceptable oxidation of the active material would oc- 
cur. As schematically illustrated here, the dry pow- 
der can be stored in a suitable feeder bin 32 which 
is connected to a weighing device 34. To deliver 
powder from bin 32 to slide 22 at a uniform rate, a 
delivery device such as a screw conveyor 36 is 
provided. Material is deposited from slide 22 onto 
conveyor pan 23 which extends generally horizon- 
tally along web 12 and which can be vibrated 
suitably to facilitate depositing the active material 
onto web 12. For example, the vibration may be a 
cyclical oscillation consisting of a first cycle com- 
prising movement in a vertical direction away from 
the web concurrent with movement in a horizontal 
direction in the direction of web transport and a 
second cycle comprising movement in the opposite 



directions, namely movement in a vertical direction 
towards the web concurrent with movement in a 
horizontal direction ir the opposite direction of web 
transport. 

5 Weighing device 34 is connected to a micro- 

processor or other numerical control device 40. 
Numerical control device 40 can be connected to 
screw conveyor 36 and to downstream web speed 
monitoring devices. Numerical control device 40 is 
70 programmed to automatically adjust the powder 
delivery cf screw conveyor 36 so as to deposit the 
active powder nnaterial in loading region 24 at a 
weight rate calculated to provide materia! at a uni- 
form weight per unit area. If the carrier movement 
75 speeds up, more powder is at once delivered; if the 
carrier slows down, less powder is provided. Thus, 
this loss-in-weight delivery mechanism deposits the 
powdered negative electrode active material on the 
carrier web at a highly uniform weight per unit 
20 area. In this way. a precisely controlled weight of 
powdered anode material is delivered to each mea- 
sure of carrier area. No doctor blades or other 
imprecise adjustment devices are needed. In fact. 
uOCtor ulac^e doviCoS rt3.vw w£sri tGund to ba unac- 
25 ceptable for the types of materials that this appara- 
tus is capable of processing. 

Delivery slide 22 is more fully illustrated in Fig. 
2. Material deposited on slide 22 encounters ma- 
terial divider elements taking the form of small 
30 triangles 42 ordered in an extending and descend- 
ing cascade array. To help provide uniform ma- 
terial flow stream to web 12 a vibrating mechanism 
44 is provided for vibration in a manner as pre- 
viously described of conveyor pan 23. which in this 
3S case also vibrates slide 22. slide 22 being rigidly 
connected to conveyor pan 23. It is contemplated 
that the layer thickness of powder deposited upon 
the carrier will generally be on the order of 60 to 
70 mils, which may be only about fifteen to twenty 
40 particles, or less, for some types of active materi- 
als. Typically, for example, the amount of active 
powdered material per square centimeter deposited 
on the carrier may be about 0.17 grams. 

Next, a mesh electrode substrate 50 is aligned 
45 with carrier web 12 and introduced to the powder 
on canrier web 12. Electrode substrate 50. in this 
case, is a continuous web of nickel mesh provided 
in the form of a roll 52. in this embodiment, the 
nickel mesh takes the form of a 20 x 20 mesh of 7 
50 mil wire, but other forms of mesh could be used. 
For example, a 10 x 40 mesh of 5 mil wire has 
been found acceptable. Alternatively, nickel-plated 
steel wire mesh could be used, or the substrate 
could take the form of Exmet brand expanded 
55 metal or other suitable forms. 
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As Shown In Rg. 1 . substrate mesh mcterial 50 
passes a curved final positioning shoe 54 and 
meets the powder and carrier web 12 at the nip 55 
of the first of a series of several roller mills 60, 70. 
In accordance with one aspect of the invention, the 
powder and substrate are compacted together by a 
series of compaction rollers into an electrode web 
having a minimum green strength with a com- 
pacted densit>' of about 4-8 and preferably about 6 
grams per cubic centimeter and about 15-30% 
porosity. It is believed that some porosity is need- 
ed to provide optimum contact between the fin- 
ished batter electrode and the battery electrolyte, if 
desired, the mesh could be introduced prior to the 
nip of the first rollr press but a final electrode web 
having direct bending and/or electrochemical prop- 
erties would be produced because the mesh may 
be at a different location relative to the active 
material. Thus» the mesh could be positioned at the 
center of Ihe active material, for example. 

In carrying out the invention, it is preferred to 
provide two roller presses 60 and 70. In the first 
roller press 60, the rollers 64 and 65 address each 
other with a roll farce of ^^hout 50 tons and com- 
pact the incoming mesh and powder with a pres- 
sure of, preferably. 1 to 7 tons per square centi- 
meter. When so compressed, the powdered ma- 
terial and substrate adhere in a continuous elec- 
trode web 66 consisting of the active material, 
substrate and binder (if present) having a thickness 
of about 20 mils and at least sufficient green 
strength which will permit electrode web 66 alone 
to be self-supporting and withstand subsequent 
handling. After the material and carrier web 12 
pass through first roller press 60. canrier web 12 is 
stripped away from freely suspended green elec- 
trode web 66. Carrier web 12 can be would upon a 
take-up roll 67 and subsequently discarded. 

Rrst roller press 60 is driven so as to provide a 
small amount of slack, as illustrated in Rg. 1. Slack 
sensors 76, 78 can be imposed between roller 
presses 60 and 70 to sense the amount of slack 
provided, and to provide con^esponding signals to 
the roller press control processor 72. Roller 
presses 50 and 70 do not operate at precisely the 
same speed because the powder and mesh being 
compressed deforms and elongates as it moves 
between the rolls. 

To provide the final compaction necessary so 
as to provide the desired porosity, which may be 
about 15-30%, for example, second roller press 70 
includes two rolls 77, 79 which address each other 
and interposed green electrode web 66 with a 
pressur of preferably about 7 to 14 tons per 
square centimeter or a roll force of about 50 tons. 



Electrode web 66, consisting of the substrate and 
active material with binder, is reduced to a thick- 
ness of about 15 mils by this second roller press 
70. 

5 Although a single roller press can provide th 

necessary compaction, it has been discovered that 
use of a single roller press requires such high 
operating pressures as to make press purchase 
and maintenance relatively expensive. In accor- 

70 dance witii this aspect of the invention, tiien. tiie 
provision of two 75 ton capacity roller presses 
operated in series as disclosed here provide the 
requisite pressures and material transformations at 
a relatively modest cost. In addition, a second 

75 compaction with the earner web having been re- 
moved, allows improved control and uniformity of 
the final electrode web properties including the 
web density. 

It has been found helpful to configure at least 

20 the first rolling press rolls with concave crowns of 
one to five mils. These rolls provide good material 
compaction near the center of the web, and inhibit 
web and carrier wander movement as they move 
through the rolling presses. The second press roils 

25 can also be concave crowned, generally to a I sser 
degree. 

To adjust the web thickness, the presses are 
provided with turn down wheels operated by step- 
per motors. These motors adjust roller positions to 

30 provide the desired roller spacing or interengage- 
ment This arrangement permits roll adjustment as 
precise as 0.1 mil, although adjustments are usu- 
ally made in 1 .0 mil increments. 

The now fully compacted green web 66 passes 

35 out of second roller press 70. and a slight amount 
of slack is provided. To this end, additional slack 
sensors 80. 82 are connected to transport conveyor 
drive controller 74 so as to adjust transport con- 
veyor speed and web movement speed. A thick- 

40 ness gauge 81 . preferably a non-contact thickness 
gauge, is provided after roller press 70 to measure 
the electrode web thickness to provide information 
for conti-olling the position of the rollers (roller 
spacing). 

45 Green electrode web 66 then passes into the 

sintering furnace 90 to develop mechanical integ- 
rity in the finished electrode web product 

To move green electrode web 66 through the 
furnace without excessive strain, transport convey- 
so or 91 is driven by a motor drive 128. Sintering 
occurs in a substantially oxygen-free atmosphere. 
Preferably, the atmosphere consists of approxi- 
mately 96% argon and approximately 4% hydro- 
gen, by volume. To avoid oxidizing the web, the 
55 sintering atmosphere within furnace 90 is main- 
tained substantially free of oxygen and water, usu- 
ally at a level of less than 20 parts of oxygen per 
million parts of atmosphere, and preferably, trie 



9 



0 245 932 



10 



oxygen present in the sintering furnace is less than 
one part per million. Atmospheric moisture levels 
are preferably maintained at a dew point of •SO^'C 
to -65 "C to inhibit web oxidization. The small 
amount of hydrogen is provided to prevent oxide 
formation on the active material and to encourage 
reduction of residual oxygen. Gas is provided by 
argon valve 122 and by hydrogen valve 124. Even 
gas distribution is provided by a suitably designed 
plenum. 

To maintain the integrity of the oxygen-free 
atmosDhere, a low profile gas gate slot mechanism 
92 is provided at the upstream end of the continu- 
ous sintering furnace 90 and the sintering atmo- 
sphere is at positive pressure with respect to the 
external atmosphere. 

After passing though gate 92. the electrode 
web enters a pre-heat zone 94 in which a tempera- 
ture ot 25" to 100* centigrade is provided. The low 
profile presented by the gas gate extends through- 
out the pre-heat zone. The profile is less than one 
inch. In the pre-heat zone, any absorber water 
which may be presented in green electrode web 66 
is driven off. It has been found useful tc make this 
pr -heat zone approximately 16 feet long for the 
web movement speeds contemplated here. 

After moving through the pre-heat zone, green 
lectrode web 66 enters a sintering zone 96 which 
is of a suitable length to provide the desired de- 
gree of sintering at the operating temperature and 
web speed contemplated. The sintering zone pro- 
fil is much higher than the gas gates and is 
approximately 12 inches. A preferred temperature 
range is approximately 950" to 1050' centigrade. 
About 20-24 feet is a suitable length for the con- 
templated operating conditions. A plurality of sub- 
zones of varying temperatures can be utilized as 
desired. 

The hot sintered electrode web 66 is then 
passed through a cooling zone 98 of suitable 
length, in this case about 18-20 teet. The entire 
cooling zone has the same low profile as the en- 
trance pre-heat zone. A hydrogen-enriched atmo- 
sphere can be provided by a plenum or other 
device to discourage web oxidization. Alternatively, 
the atmosphere may be the same throughout the 
pre-heat, sintering and cooling zones. To encour- 
age rapid yet controlled cooling, this cooling zone 
98 is provided with a heat exchanger 100 having a 
lower water-cooled element 102 and an upper 
water-cooled element 104 located close to the hot 
web 66. Incoming cool water can be provided 
through suitable piping 108; relatively hot water is 
discharged through appropriate piping 1 08. 



The cooled and sintered web then passes 
through an exit gas gate HO, which provides a 
corresponding signal to take-up roller control pro- 
cessor 126. Again, i: is desired that slack be pro- 

5 vided in the web 56. and to tnat end. slack control- 
lers 112, 114 are located just downstream of the 
exit gas gate 110. 

In the preferred form of the invention, the cool- 
ed and sintered web 66 is then calendared by 

10 passing it through calendaring rolls 116. 118 which 
generally are set to apply a pressure in the range 
from about 0.2 to 1.0 ton per square centimeter. 
The calendared web 66 is then wound on a take-up 
roll 120. Completed roll 120 of product can then be 

Ts removed and transported to other sites for battery 
manufacture. 



Claims 

20 

1 . A method of making an electrode from high 
hardness active powdered material, the method 
comprising the steps of feeding a measured 
amount of a high hardness active powdered ma- 
ss terial onto a non-porous carrier web (12); aligning 
an electrode substrate (50) with the carrier web 
(12); passing the powdered material and electrode 
substrate (50) through at least two roller press 
(60,70) compactions in series to produce an elec- 
30 trode web (66) composed of the active material and 
the electrode substrate (50), of at least sufficient 
strength to allow sintering; and, with the carrier web 
(12) removed from the electrode web (66). sintering 
the electrode web. ^ 
35 2. A method according to claim 1 . wherein the 

carrier web (12) is less than 20 mils thick. 

3. A method according to claim 1 or claim 2, 
wherein the carrier web (12) has a tensile strength 
of at least 10.000 psi and an Ra hardness of at 

4o least 90. 

4. A method according to any one of the pre- 
ceding claims, wherein the feeding' step includes 
the step of feeding the powdered material onto a 
carrier (12) from a loss-in-weight feeder (30). 

4S 5. A method according to any one of the pre- 

ceding claims, wherein initial roller press compac- 
tion (60) of the active material and electrode sub- 
strate (50) produces an electrode web (66) that has 
sufficient strength to be self-supporting and the 

50 carrier web (1 2) is removed from the electrode web 
(66) before the final roller press (70) compaction. 

6. A method according to any one of the pre- 
ceding claims, wherein the powdered material is 
compacted by more than 50% by volume. 

55 7. A method according to any one of the pre- 

ceding claims, wherein the carrier web (12) is fed 
to the initial rolling press (60) at a substantially 
constant rate of speed. 
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8. A method according to any one of the pre- 
ceding claims, wherein the powdered material fed 
to the carrier web passes a screen of 200 U.S. 

mesh, 

9. A method according to any one of the pre- s 
ceding claims, wherein the electrode web (60) is 
compacted to a final density of 15 to 30% porosity. 

10. A method according to any one of the 
preceding claims, wherein the alignment step in- 
cludes the step of aligning an electrode substrate to 
screen (50) with the carrier web (12). 

11. A method according to any one of the 
preceding claims, wherein the electrode web (66) is 
sintered in an atmosphere comprising argon and 
hydrogen, and substantially free of oxygen and 75 
water. 

12. A method according to claim 11. wherein 
oxygen comprises less than 20 parts per million of 
the atmosphere. 

13. A method according to any one of the 20 
preceding claims, wherein the hardness of the ac- 
tive material is greater than Rc 45. 

14. A method according to claim 13, wherein 
the hardness of the active m;^ten,?i 1*5 from r- 4r fn 
Rc60. " 25 

15. A method according to any one of the 
preceding claims, further comprising the step of 
calendering the sintered electrode web (66). 

16. A method according to any one of the 
preceding claims, wherein the carrier web (12) 30 
comprises material selected from the group con» 
sisting of polyester, acetate polymers, nylon and 
flexible metals. 

17. A method according to claim 16. wherein 

the carrier web (12) is a polyester canrier (12) 35 
having a tensile strength of substantially 45,000 psi 
and a hardness of substantially Ra 115. 

18. A method of making, by compaction with a 
roller press (60. 70). an electrode from high hard- 
ness active powdered material having an irregular 40 
flake-like particle shape and with a thickness is 20 
times or less of the particle size to be compacted, 
wherein the material is fed to the carrier by meter- 
ing the material from a loss-in-weight feeder (30). 

19. Apparatus for making an electrode from 45 
high hardness powdered active material by a meth- 
od according to any one of the preceding claims. 

the apparatus comprising feeding means (30) for 
feeding the powdered active material onto the car- 
rier web (12); substrate provision means (52) for 50 
providing an electrode substrate (50) to the carrier 
web (12) and the powdered active material carried 
thereon; compacting means comprising at least 
first (60) and second (70) roller presses in series 
for successively compacting the powdered material 55 
with the substrate (80) to form the electrode web 
(66) capable of being self-supporting; earner web 
removal means (67) for rcmcvirg the carrier vvsb 



(12) from the electrode web (66) after at least 
compaction sufficient to leave a self-supporting 
electrode web (66); and sintering means (90) for 
sintering the compacted electrode web (66). 

20. Apparatus according to claim 19, wherein 
the first roller press (60) has rollers that are con- 
cave crowned in an amount of from 1 to 5 mils. 

21- The apparatus according to claim 19 or 
claim 20, wherein the feeding means comprises a 
loss-in-weight feeder (30). 

22. Apparatus according to claim 21. wherein 
the feeding means further comprises an inclined 
delivery slide (22) for receiving material from the 
loss-in-weight feeder (30) and depositing the ma- 
terial on the carrier (12). 

23. Apparatus according to claim 22. further 
comprising vibrating means for vibrating the deliv- 
ery slide. 

24. Apparatus for making an electrode from 
high hardness active material, the apparatus com- 
prising loss-fr>-weight feeder means (300 for feed- 
ing powder onto a carrier web (12); substrate feed 
means (52) for feeding an electrode substrate (50) 
onto the canier web (12) bearing the powden cctj- 
pacting means (60. 70) for compacting the powder 
and electrode substrate (60) on the carrier web 
(12) whereby an electrode web (66) comprising the 
substrate (50) and the active material is formed that 
has at least sufficient strength to be self-support- 
ing; earner removal means (67) for removing the 
camer web (12) from the electrode web; and 
means (90) for sintering the electrode web. 
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